The European lobster (Homarus gammarus) is a decapod crustacean with a high market value and therefore their fisheries are of major importance to the economies they support. However, over-exploitation has led to profound stock declines in some regions such as Scandinavia and the Mediterranean. To manage this resource sustainably, knowledge of population structure and connectivity is crucial to inform management about dispersal, recruitment, stock identification and food traceability. We used restriction-site associated DNA sequencing to develop novel SNP markers from 55 individuals encompassing much of the species range; SNPs were quality filtered, ranked using F-statistics and the top 96 SNPs adequate for primer design were retained. SNP markers were developed with the aim of maximising the power to detect genetic differentiation between: (i) Atlantic and Mediterranean lobsters and (ii) Atlantic lobsters. This panel of SNPs provides a useful resource for future studies of population genetic structure and assignment in H. gammarus.
The European lobster (Homarus gammarus) is a decapod crustacean belonging to the family Nephropidae. They are found on hard substrates hiding in crevices or on compressed muds, typically at depths from the low tide mark to 50 m, but they can occur at depths up to 150 m. Homarus gammarus is widely distributed, ranging from Morocco to Arctic Norway, including Skagerrak, and also in the Mediterranean where they are generally found more sparsely. The species' high market value makes it a highly-prized seafood product, so its fisheries are of great importance to the local and regional economies they support. However, current and historical over-exploitation has led to stock declines, some of which have been quite profound in several regions (e.g. Scandinavia, Mediterranean) and from which recovery has been slow or stagnant (Kleiven et al. 2012 ). This has led to the rearing of H. gammarus larvae in lobster hatcheries to produce juveniles which are released into the wild to supplement productive stocks where the risk of over-exploitation is high (Ellis et al. 2015) .
Over the last decade, genetic diversity and population structure has been investigated in H. gammarus using traditional molecular markers including random amplification of polymorphic DNA (RAPDs) (Ulrich et al. 2001) , allozymes (Jorstad et al. 2005) , mtDNA restriction fragment length polymorphisms (RFLPs) (Triantafyllidis et al. 2005 ) and microsatellites (Huserbraten et al. 2013; Watson et al. 2016; Ellis et al. 2017) . However, single nucleotide polymorphisms (SNPs) are becoming the marker of choice in molecular ecology studies, particularly for non-model organisms without a well-annotated genome, because they are (i) abundant and generally widespread in the genome, (ii) eligible for high-throughput screening and automation, and (iii) reproducible across labs (Seeb et al. 2011) . Moreover, genomics now enables thousands to tens of thousands of SNPs to be discovered in non-model marine organisms, meaning we have greater power over previous genetic markers to resolve spatial patterns of genetic differentiation, which is thought to be particularly beneficial when studying highly dispersive marine species that exhibit typically weak genetic differentiation (e.g. American lobster, Benestan et al. 2015) . These advances have also led to the development of small panels of informative SNPs (e.g. Nielsen et al. 2012; Villacorta-Rath et al. 2016 ) that are likely to be useful for assessments of genetic structure, population assignment and connectivity. In this study, we used restriction-site associated DNA (RAD) sequencing to isolate and characterise 96 novel SNP markers in H. gammarus. Genomic DNA was extracted from v-notch or pleopod tissue using a modified salting-out protocol (Li et al. 2011 ) (S1 Supplementary Material). The RAD library was prepared in-house using Illumina Nextera XT barcodes and comprised 55 individuals from 27 geographically separate sampling locations, ranging from the Mediterranean to the British Isles and Skagerrak (S2 Supplementary Material). The library was sequenced on an Illumina HiSeq 100 bp paired-end rapid run platform. Raw reads (available from Dryad, https ://doi.org/10.5061/dryad .2pc6v ) were cleaned and truncated to 97 bp using the process_radtags program in Stacks v1.45 (Catchen et al. 2013 ) and RAD loci were built using the denovo_map.pl wrapper script in Stacks using optimised parameters of m = 3, M = 3 and n = 3 following the methods of Paris et al. (2017) . The populations program was run using all 55 individuals and initial results indicated genetic differentiation between Mediterranean, Skagerrak and the remaining Atlantic samples (S3 Supplementary Material). Therefore, the program was also re-run using only samples from the Atlantic (excluding Mediterranean and Skagerrak samples). This approach maximised the potential to find SNPs that are most informative for detecting hierarchical genetic differentiation between Atlantic lobsters. Full details of the bioinformatics and parameters used are available in S3 Supplementary Information.
In total, 276 million reads were generated and a mean average of 97.9% across all samples were retained after quality control. After initial filtering in Stacks, 7022 biallelic SNPs were identified using all samples and 4377 biallelic SNPs were identified using only Atlantic samples. These SNPs were then ranked by highest G ′′ ST (Meirmans and Hedrick 2011) , sorted by the number of SNPs per RAD locus, and filtered for primer design adequacy and suitability for high-throughput genotyping on a Fluidigm EP1 system. The SNP panel was composed of the highest-ranked remaining SNPs; 21 SNPs were chosen from the dataset composed of all samples (aiming to capture differentiation between Atlantic and Mediterranean lobsters) and 78 SNPs were chosen from the dataset composed of only Atlantic samples (aiming to capture any potential hierarchical differentiation in the Atlantic).
Using these 96 SNP markers and all of our samples, we calculated several population genetic statistics for each locus (Table 1) . The observed and expected heterozygosity ranged from 0.049 to 0.630 and 0.179 to 0.504, respectively. The minor allele frequency and the inbreeding coefficient ranged from 0.100 to 0.504 and − 0.457 to 0.470, respectively. After false discovery rate correction, six SNPs deviated significantly from Hardy-Weinberg equilibrium (P < 0.05). To our knowledge, this is the first development of SNP markers in H. gammarus, and therefore these novel markers offer a valuable tool for future studies of spatial genetic structure and population assignment in this species.
